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Introduction 
Like other economic sectors, agriculture requires the efficient use of resources and farming inputs, 
considered as a key factor for sustainability. On the other hand, the ecological limitations of the 
productivity in mountains make the study of efficiency in agricultural systems in these areas even 
more crucial. 
Material and methods 
Based on these assumptions, we present in this study the preliminary results of efficiency analysis in 
four farms representative of farming systems, in mountain regions in Portugal: a) Douro vineyards 
(60ha), b) olive grove (15ha), c) mixed-farming (36ha), and d) chestnut orchards (10ha). 
These are rainfed agriculture systems in small/medium-sized farms, consisting of several blocks, with 
the exception of the in Douro vineyard, which has a single block. 
The dominant soils are antrosols in Douro and leptosols and cambisols in the other systems. Granite 
is the dominant bedrock in the mixed-farming site while schist is dominant in the remaining sites. Soils 
are acidic to slightly acidic, with low OM contents, low levels of phosphorus and medium levels of 
potassium. Given the altitude and annual rainfall, the farm of mixed-farming systems presents the 
most acidic soils and with the highest organic matter contents (≥ 70-80g ·kg
-1
). Long-term mean 
annual rainfall and mean annual temperature are, 763mm and 16.1ºC, 501mm and 15°C, 1455mm 
and 10°C, and 12°C and 809mm, for sites following systems a, b, c, and d, respectively. The growing 
season varies from 122 days (b) and 243 days (a). 
The Mixed-Farming system (c) is presented in detail in Núñez-Fernández et al (2013). Data 
considered for the remaining systems results are annual means for three consecutive years for 
external inputs at each farm (fertilizers, pesticides, fuel and hand labor) and the total annual 
production of farm outputs (port and table wine (a), olive (b) and chestnut (d)). 
Input and output data were later converted into: i) monetary units (€), using the prices of the national 
agriculture statistics in 2014 as reference; and ii) energy units, applying the values in Dessane (2003) 
for chemical fertilizers and olives, Bayliss-Smith (1982) for fuels and machinery (including 
maintenance), Pimentel and Pimentel (2008) for the remaining inputs and INSRJ (2015) for the 
remaining outputs. These data allow us to address and discuss energy and economic efficiency 
(output/input ratios), as well as the different monetary values per unit of energy. 
Results and discussion 
Excluding Douro vineyard, energy efficiency was between 0.12, in the mixed-farming system 
(Fernández-Núñez et al 2013), and 1.76 in olive grove, while economic efficiency varied between 1.41 
in olive grove and 8.48 in chestnut orchard. The total energy input was from 2320 MJ·ha
-1
 in the 
mixed-farming to 10572 MJ·ha
-1
 in chestnut orchard, while the energy output was from 279 to 15502 
MJ·ha
-1
 for the mixed-farming and olive grove systems, respectively. These values are much lower 
than those reported in other studied systems, such as Dessane (2003) and Pimentel and Pimentel 
(2008). 
As verified by other authors, fuel represents the largest share of energy in inputs (53-80%), keeping 
the same relative positioning in terms of costs per hectare, except in olive grove where the hand labor 
has the largest share (61%). 
The Douro vineyard, the only system considered as an entrepreneurial, presents the highest energy 
inputs, similar to those referred for other systems and other authors. 
The prices of energy inputs ranged from € 0.017 ·MJ
-1
 (fuels) and € 0.17 ·MJ
-1
 (seeds in mixed-
farming), except for hand labor that presented the highest and very different value, € 2.38 ·MJ
-1
. The 
prices of energy outputs ranged from € 0.048 ·MJ
-1
 for olives and € 0.808 ·MJ
-1
 for table wine (Douro 
vineyards). 
The energy consumption in all systems but Douro vineyards were low, which allows them to be 
considered tendentiously sustainable. However it is necessary to further improve their efficiency. 
Regarding the prices of energy consumed and produced as inputs and outputs, the replacement of 
fuels by other energy sources, should be based on renewable sources. The price of the output energy 
is crucial for the economic efficiency and sustainability of the systems. 
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